Purpose: Previous studies provide inconsistent interpretations of the effect of inherited genetic factors on the survival and prognosis of patients with breast cancer. The aim of this study was to examine the effect of germline BRCA1 and BRCA2 mutation on survival and subsequent breast events in Chinese women who underwent breastconserving surgery. Methods: A retrospective review of the clinical and pathological records was performed in patients diagnosed with primary invasive breast cancer between 2005 and 2018 in the cancer registry database. Clinicopathological data and data regarding treatment and outcomes, including date and site of disease progression, were collected.
| INTRODUCTION
Breast cancer is the most common noncutaneous malignancy of women worldwide. 1 It is estimated that breast cancer in China alone accounts for 12.2% of global cases and 9.6% of related deaths. 2 Nowadays, breast cancer is well acknowledged by heterogeneity, which in turn contributes to research complexity and treatment failure. Although the etiology and nature course of breast cancer remain largely to be elucidated, some inherent predisposing genes have been identified. BRCA1 and BRCA2 are the most characterized breast cancer susceptibility genes, and women carrying a germline mutation in BRCA1/2 have an estimated 70% and 20%-40% risk of developing breast cancer and ovarian cancer during their lifetime, respectively. 3, 4 Studies indicate that breast cancer with an inherit deleterious germline BRCA1/2 mutation, not only face a high risk of developing an ipsilateral 5 or contralateral breast cancer, 6 but also encounter an elevated risk of developing ovarian cancer. 7 Therefore, intensively preclinical and clinical researches are conducted in this field.
Literatures demonstrate that BRCA1-associated breast tumors show an aggressively pathological phenotype and are inclined to basal-like subtype, while BRCA2-associated breast cancers histologically and immunophenotypically tend to sporadic cancers and are predominantly luminal A-like subtype. [8] [9] [10] [11] [12] [13] [14] Currently, apart from clinical breast examination, mammography, ultrasound, and breast magnetic resonance imaging, it is wide recognition that prophylactic removal of the ovaries and risk-reducing bilateral mastectomy are the most effective prevention measures to BRCA-carriers and BRCAassociated breast cancers. [15] [16] [17] [18] Although the role of prophylactic oophorectomy is mixed in prior studies, it is suggested that prophylactic oophorectomy might not impact breast cancer incidence, but is associated with a favorable survival for this high-risk population. 19 Likewise, bilateral prophylactic mastectomy, sacrificing the quality of life, is regarded as one of the most effective measures to prevent BRCA-associated breast cancer. Nevertheless, many BRCA carriers do not opt for this treatment and seek alternative preventive measures. 20, 21 The subsequent breast events are the most important factors to tailoring the individually therapeutic strategy. It is suggested that there was no significant difference between BRCA carriers and noncarriers following breast-conserving therapy as to the incidence of ipsilateral breast cancer recurrence. Conversely, published studies reported an increased incidence of contralateral breast cancer in mutation carriers, as compared with noncarriers. [22] [23] [24] [25] Nevertheless, even with these preventive strategies, it is apparent that breast-conserving therapy for BRCA carriers is not satisfactory, with a persistent high risk of developing contralateral breast cancer. It is worth noting that the conclusion that higher risk of subsequent breast events after breast-conserving surgery in BRCA carriers is often derived from retrospective studies that have some intrinsic limitations.
Given the dilemmas, we conducted this single-institutional retrospective study using propensity score matching method, with an effort to provide an almost accurate information of the outcomes and subsequent breast events after breast-conserving surgery in BRCA carriers in Chinese women. And furthermore, to give more evidence-based medicine concerning the practice of breast-conserving surgery in BRCA carriers.
| MATERIALS AND METHODS

| Data collection and ethical statement
A retrospective review was conducted to identify breast cancer patients who underwent surgery at the Fudan University Shanghai Cancer Center between April 2005 and May 2018. The following variants were collected: genetic data (BRCA genetic test results), clinicopathological data (age at diagnosis, menopausal status, histopathology, unclear grade, tumor size, lymph node involvement, and hormone receptors status), and treatment data (surgical type and adjuvant systemic therapy according to local protocols). Patients with a previous invasive breast cancer or bilateral breast cancer were excluded. This study was approved by the Ethical Committee of the Shanghai Cancer Center of Fudan University.
| BRCA1/2 mutation test
Briefly, genomic DNA extracted from peripheral blood was subjected to NGS (next-generation sequencing) according to the manufacture's instruction. All mutations considered disease-associated were confirmed through Sanger sequencing. The details of procedures of NGS and interpretation of the mutation were described in our previous study. 26 
| Definition of terms
Overall survival (OS) defined as the time from surgery to death from any cause. Disease-free survival (DFS) defined as the time from surgery to any recurrence, distant metastasis, and death. Ipsilateral breast tumor recurrence (IPBT) defined as the interval from surgery to the reemergence of tumor in the previous affected breast or last follow-up. Contralateral breast cancer (CBC) defined as the interval from surgery to the emergence of tumor in the contralateral breast.
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for continuous variables. Kaplan-Meier curves with corresponding log-rank tests were conducted for survival curves and compared survival outcomes between different conditions of patient. Hazard ratios (HRs) and 95% confidential intervals (CIs) for univariable and multivariable analyses were calculated using Cox proportional-hazards models. All tests were two-sided, and P < .05 was considered statistically significant. Statistical analysis was performed by SPSS for windows (version 23.0, SPSS Inc).
| RESULTS
| Basic characteristics of study cohort
Through retrospective review, we identified 501 patients who underwent breast-conserving surgery, with 63 BRCA1/2 mutation carriers and 438 noncarriers with invasive breast cancer in this study. The demographic and clinicopathological features by group are shown in Table  1 . Median age at diagnosis was 41 years (range, 24-74) for carriers and 37 years (range, 17-84) for noncarriers. The majority of participants were premenopausal with 65.08% in carriers and 72.15% in noncarriers, respectively. As expected, BRCA1/2 mutation carriers showed more aggressive behaviors, including with significantly more grade 3 (P < .001) and more hormone receptor negative (P < .001), as well as higher proliferation index (P = .039) patients as compare with noncarriers. Besides, BRCA-associated tumors tend to be HER-2-negative compared with noncarriers (95.24% vs 81.96%). However, we failed to conclude any statistically significant with respect to tumor size, histological type, and lymph node involvement. Median follow-up time was 61 months (range, 8-161) and 70 months (range, 0-153), respectively, in carriers and noncarriers. 
| Oncologic outcomes
In the BRCA mutation carriers, there were 15 (23.81%) first events, including five ipsilateral breast tumor, six contralateral breast cancer, three distant metastases, and one other primary tumor. Whereas in the noncarriers, 63 (14.38%) first events were observed, with 27 ipsilateral breast tumor, three contralateral breast cancer, three regional recurrence, 25 distant metastases, and five other primary tumors (Table 2 ). There was no significant difference in OS between the two groups (P = .599; Figure  1A ), even adjusted to tumor size, lymph node status, hormone receptor status, Ki 67, and treatment schedule (P = .173; Figure 1C ). Of note, BRCA mutation carriers showed worse DFS (P = .021; Figure 1B ), but was comparable to noncarriers when adjusted to the mentioned confounding factors (P = .424; Figure 1D ). The outcomes of IPBT were comparable (P = .348), yet the CBC was overt worse than noncarriers (P < .001; Figure  2 ).
| Risk factors of CBC
The relationship of emergence of CBC with clinicopathological factors was evaluated by Cox proportional-hazards model. The univariable and multivariable HRs associated with each of the factors are presented in Table 3 . CBC was prone to occur in BRCA mutation carriers as compared to noncarriers (HR = 15.76, P < .001). Beyond that, postmenopausal status suggested a borderline significant increase in the risk of CBC (HR = 3.99, P = .06). However, only BRCA1/2 mutation status was an independent risk factor to CBC in multivariate analysis (HR = 10.81, P = .01). Figure 3 demonstrated the probability of CBC in the light of BRCA1/2 mutation status.
| DISCUSSION
This retrospective study indicated no significant difference in OS between patients carrying a BRCA1 or BRCA2 mutation and sporadic breast cancers. This result did not vary even when using the propensity score matching method. Inversely, DFS was dramatically worse in BRCA1/2 mutation carriers. Even if BRCA1/2-associated cases were deemed as an aggressive subtype, however, DFS was no longer lethal when adjusted to clinicopathological and therapeutic confounding factors. Our results were in broad agreement with more recent studies, although others had reported conflicting results. [27] [28] [29] [30] [31] [32] The percentage of BRCA-associated patients in our study (12.6%) was similar to a prior prospective cohort study, 33 The bold values derived from univariated analysis indicate that BRCA-mutation status and menopausal status might attribute to risk of contralateral breast cancer (CBC), however, only BRCA-mutation status confer to the independent risk factor of CBC.
Abbreviations: CBC, contralateral breast cancer; HER-2, human epidermal growth factor receptor-2; Ki-67, cell proliferation index; Nuclear grade I, well differentiation; Nuclear grade II, moderate differentiation; Nuclear grade III, poor differentiation.
higher than that reported in clinic-based screening (9.1%). 26 Besides, unlike some studies illustrated that BRCA-associated patients tend to have a greater likelihood of higher nuclear grade and lymph node involvement, no statistically significant difference was presented in the current study. One theory that could explain the discrepancies was that the next-generation sequencing and advances in the mammographic screening promote the easier access of genetic testing and earlier detecting of breast cancer. Besides, differences in ethnic background, recruitment criteria, and pathogenic mutation location may exert some effect. It was reported that the risk of breast cancer increased substantially between the ages of 30 and 50 years for BRCA1 carriers, while the risk was highest between the ages of 40 and 60 years for BRCA2 carriers, 19 which was simulated to our results. Other aspects of basic characteristics of this study were favor of previous literatures. 34, 35 The subsequent breast events are often the major concern and obstacle to decide a medical schedule for BRCAassociated patients. Although the standard procedures of treatment for BRCA mutation carriers remain a matter of debate, increasing evidence supports that breast-conserving surgery is a rational option for BRCA carriers. In this study, after breast-conserving surgery, subsequent breast events occurred in 15 (23.81%) carriers and 63 (14.38%) noncarriers. In addition, distinct from IPBT, the incidence of CBC was apparently higher in carriers than noncarriers. These results were in line with the majority of published studies that derived the conclusion of no difference in local recurrence, 36 whereas increased incidence of CBC was associated with BRCA1/2 mutation. 4, 22, [37] [38] [39] [40] [41] Till now, comprehensive research has been administrated to seek optimum prevention of CBC in BRCA mutation carriers.
Despite BRCA1 and BRCA2 mutations were identified a couple of decades and risk-reducing mastectomy remains the gold standard, for fear of aesthetics, increasing mutation carriers have strong preferences for noninvasive prevention, it is timely that an effective breast cancer risk reduction option be identified. 19 Bilateral salpingo-oophorectomy, to some extent, is advocated for BRCA mutation carriers even divergent findings existed. [42] [43] [44] Chemoprevention, with several agents, is also provided for BRCA mutation carriers, but the acceptability is rather low. [45] [46] [47] Recently, E. Evron et.al suggested that the addition of contralateral breast irradiation to the routine local-regional treatment was associated with a significant reduction of subsequent contralateral breast cancers and a delay in their onset. 18 In light of efficacy and safety, not only the preliminary research, but also the clinical trials proposed prophylactic mammary irradiation for prevention of CBC in BRCA mutation setting. 22, [48] [49] [50] [51] [52] Although great efforts were made to balance the patient characteristics and treatment modalities, limitations of this study mainly lay in the ascertainment biases introduced by retrospective study. Otherwise, small sample size and an inadequate follow-up time probably interpret many discrepancies with previous studies. At the time of this report, the median follow-up is relatively short. Studies suggested that the subsequent breast events are time-dependent and possible to decrease over time.
In summary, our study confirmed higher risk of CBC for BRCA mutation carriers in majority of Chinese women. Consequently, BRCA carrier patients should be fully informed when choosing breast-conserving surgery. Furthermore, intensive surveillance and follow-up as well as more effective individual prevention are urgent. Clinical trials with large number size and long-term follow-up time are needed to confirm this conclusion.
